
VH Fermentation VL Fermentation

Inclusion Body Recovery/Washing Inclusion Body Recovery/Washing

HIC Chromatography

Refolding

(NH4)2SO4 ppt 1.0M

(NH4)2SO4 ppt 2.0M

Diafiltration/Formulation

QFF Chromatography

Production Process for Immunotoxin

Immunoconjugates and Immunotoxins

Conclusion
We have successfully developed a complete, simple and scalable clinical manufacturing process for immunotoxin production. The upstream

process has eliminated animal original raw material, and consistent process profile and productivity have been achieved. Compared with

conventional purification procedure for immunotoxin, a novel hydrophobic chromatography has been incorporated in the process to replace

of Mono-Q or Source 15Q ion exchange chromatography. The product can be clearly separated from other impurities as eluted in different

peaks. By using this protocol an almost tripled yield of final product is achieved with simplified procedure and lowered cost. This novel

purification method can also be applied to other similar antibody conjugated toxins as product, and hence should facilitate manufacturing

immunotoxin anti-cancer drugs in large scale.

NOTE: Commercialization efforts pertaining to HA-22 and BL-22 are presently underway via a CRADA with Genencor, Inc.

Buchner Method
Method Described in

Example 1

Yield of product (mg) 46.3 129.1

Purity (%) 98.7 97.9

Endotoxin (EU/mg)  <0.5  <0.5

Activity (IC50) Active (0.2 ng/ml) Active (0.2 ng/ml)

Chromatographic

Steps
3 1-2

Microbial content 0 0

Comparison of Two Purification Methods

Results
The results demonstrate that the purification process used for the human/murine/murine 216 IgM antibody, which

included low pH viral inactivation, PLANOVA™ 35N virus filtration, and c chromatography on Q Sepharose fast flow,

can remove and/or inactivate at least 18.31 logs of a model murine retrovirus. The low pH viral inactivation and

PLANOVA™ 35N virus filtration can remove or inactivate at least 13.48 logs of a model enveloped DNA virus,

Pseudorabies and PLANOVA™ 35N filtration can remove 6.93 logs of a model small non-enveloped virus, SV40.

These steps remove/inactivate virus from the product by independent methods: Low pH by disrupting the viral

envelope and/or disintegrating the nucleocapsid; the PLANOVA TM  35N virus filter membrane by physical size

exclusion with pores sized to retain virus and allow passage of human/murine/murine 216 IgM antibody; column

chromatography on Q Sepharose based on the ionic character of the resin. In the studies process intermediates

were “spiked” with a known quantity of a model retrovirus, a model enveloped DNA virus or a model non-enveloped

DNA virus. A scaled-down version of each process step was performed in duplicate on the virus-spiked process

intermediate. The amount of retrovirus, pseudorabies virus or SV40 that survived selected process steps was

measured by plaque assay. Two specific, robust virus inactivation/removal steps (low pH treatment and filtration

through a PLANOVATM virus removal filter) were included in the purification process. These two steps and one

chromatographic purification step (and Q Sepharose anion exchange chromatography at pH 8.0 in antibody-binding

mode) were examined for their ability to remove or inactivate the spiking retrovirus. The low pH treatment and filtration

through a PLANOVATM virus removal filter were examined for their ability to remove or inactivate the spiking

Pseudorabies virus. Filtration through a PLANOVATM virus removal filter was examined for the ability of the filter to

remove the spiking SV40. These studies provide quantitative estimates of the level of virus reduction obtained from

the above mentioned steps of the purification process for human/murine/murine 216 IgM antibody with evidence that

any retrovirus, medium to large enveloped DNA virus or small non-enveloped DNA virus present in the original cell

culture harvest were removed by the purification process.

PDB

Summary of Project

Eqidermiologic and molecular data have identified a clear and consistent association of human papilloma

virus (HPV) infection with development of cervical cancer. Consistent expression of HPV gene product E6

and E7 can be only found in cervical cancer but not normal cells. Also, E6 and E7 are functionally required

to cervical cancer phenotype. Therefore, cervical cancer is an ideal model for antigen-specific vaccination

therapies. Nucleic acid vaccine pNGLV4a-Sig/E7(detox)/HSP70 is a recombinant plasmid encoding an E7

gene segment that can be expressed in mammalian cells. NCI is specifically requested to produce enough

clinical grade plasmid DNA for phase I trial. This project is to develop a production process from fermentation,

recovery, purification, vialing, and testing of the plasmid pNGLV4a-Sig/E7(detox)/HSP70 for toxicology

studies and human clinical phase I trial.

Current Status

Three 80L-fermentor CGMP fermentation runs have been completed to yield 6.4 kg of cell paste. The

materials have been processed with plasmid extraction and first chromatography purification to an intermediate

holding step. Approximately 1.1 grams of plasmid DNA are available for the final step purification.

Production Overview
The plasmid pNGLV4a-Sig/E7(detox)/HSP70 is fermented at 80L fermentor scale. The cell paste is processed

at 1 kg per batch to extract and purify the plasmid DNA. The recovered plasmid is then combined and going

through the final purification step. The target amount of final product after QC assays is 250 mg plasmid.

Cell Lysis and Plasmid Extraction

Alkaline lysis is carried out using a static mixer. The lysate is clarified with depth filtration using 10” 5 m filter unit. PEG 8000 is added to 8% to

preferentially precipitate the plasmid DNA.

Tangential Flow Filtration

TFF (0.1 m) is used to concentrate and wash the DNA precipitate with detergent to remove endotoxin and other small molecule contaminants.

Mustang Q Chromatography

Dissolved plasmid DNA is captured on the Mustang Q capsule (membrane with quaternary amine groups). The capsule is washed with buffer

containing detergent and eluted with salt.

Sephacryl S1000 Chromatography

S1000 column is used as a final polishing step to reduce the level of genomic DNA and non-supercoiled plasmid.

pNGLV4a-Sig/E7(detox)/HSP70 Purification  (1 kg scale)  Process Description

pNGLV4a-Sig/E7(detox)/HSP70 Fermentation

(80 L scale)

Process Overview

EXAMPLE - ASSAY PROFILE

NAME: SigE7 HSP70-3 Clinical Bulk Plasmid DNA Project Number:   390

NSC NUMBER: 651310 Storage Temperature:  –70¡C

DESCRIPTION: Colorless liquid consisting of Plasmid DNA at a concentration of 1 mg/mL in a solution of 20 mM PBS, 150 mM NaCl,

pH 7.4

REQUIREMENTS SPECIFICATIONS VENDOR or PROCEDURE **

IDENTITY
Appearance Clear, Colorless Solution 51006 Visual Inspection

Total Size (Linearized DNA)
Agarose Gel Electrophoresis

Approximates Size Predicted from Plasmid Map
Following Unique Site Restriction Digest,
EcoR I or Nhe I Linear, 1 frag: 6681 bp

00676 Restriction Endo.
00689 Gel Analysis
00690 Kodak Imager

Restriction Site Presence and
Restriction Fragment Size

Agarose Gel Electrophoresis

Approximates Predicted fragment Sizes for Three
Different Sets of Restriction Enzyme Digests
Ssp I 2 frags: 2275 and 4406 bp
Bam HI 2 frags: 1848 and 4833 bp
EcoR I and Nhe I (MCS) 2 frags: 2226 and 4455 bp

00676 Restriction Endo
00689 Gel Analysis
00690 Kodak Imager

% Supercoiled Plasmid DNA

Agarose Gel Electrophoresis
IEX HPLC (FIO)

75% Supercoiled SigE7 HSP70 Plasmid DNA (using

0.2 µg of Sample per Gel Lane with AGE)

00689 Gel Analysis

00690 Kodak Imager
01346 IEX HPLC

CONTENT
DNA Concentration by Absorbance at
260 nm

1 mg/mL

1.0 mg/mL ± 0.1 mg/mL E  = 0.05
260 nm

01114 Beckman Spec.

PURITY
DNA Purity A260 nm / A280 nm Ratio

1.75 – 2.00 01114 Beckman Spec.

Protein 50 µg/mL as determined by BCA 00679 BCA Assay

SAFETY
Endotoxin (LAL)

100 EU/mg DNA 00618 LAL

FOR INFORMATION ONLY

DNA Sequence
100% Homologous sequence to SigE7 HSP70
reference sequence (nucleotide sequence accession
number: QC012825)

00681 Sequence Analysis

RNA
None detected using Agarose Gel Electrophoresis with
5 µg of Sample per Gel Lane

00689 Gel Analysis
00690 Kodak Imager

E. coli genomic DNA
Report results using Agarose Gel Electrophoresis with 5
µg of Sample per Gel Lane or E. coli pol I amplicon
qPCR

00689 Gel Analysis
00690 Kodak Imager

DOCUMENT APPROVAL

                                                                                           ____________________________________________________
Project Scientist Date Biopharmaceutical Quality Assurance Date

                                                                                           ____________________________________________________
Biopharmaceutical Quality Control Date Director, Biopharmaceutical Development Program Date

NCI/BRB Date

** Approved substitutes may be made for the Contract Testing Laboratories indicated as required.

CAUTION: FOR FURTHER MANUFACTURING ONLY

H:\BDP_Public\Certificates of Analysis\Working Certificates of Analysis\SigE7\SigE7 HSP70-3 Plasmid Assay Profile 9-4-02.doc

 DO2
30% on-line controlling by agitation 250-500 RPM

 Sparge rate

0.25-1.25 v/v/m

 Dissolved Oxygen Control

Step 1: When DO drops to <30%, increase sparge to 1.25 v/v/m

Step 2: When DO drops to <30%, increase agitation to 500 rpm.

 Temperature

37° C

 Vessel Pressure

5 psig

 pH

7±0.1, on-line controlling with 30% NH4OH

 Foam

P2000 when necessary

 Nutrient Feeding

When DO is >30% and rising, and Glucose is <1.5 g/L, feed at

1 L/hr. until DO drops to <30%. Total volume of feed medium

is 20% of fermentor capacity.

 Harvest Criterion

The cells are harvested at stationary phase (When DO2 is not

decreasing and OD600nm reading does not increase significantly)

pNGLV4a-Sig/E7(detox)/HSP70 Fermentation

(80 L scale)

Process monitoring and controlling

IgM Infusion Study

Lot 392104, Non-Lyophilized, 1 mg/ml
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Viral Clearance Study
Removal/Inactivation of Murine Retrovirus, Pseudorabies Virus and Simian Virus 40 During the Purification

Procedure of 216 IgM Monoclonal Antibody (Project 392)

Discussion

One robust virus removal step, one robust inactivation step and one chromatographic step used in the purification

procedure of 216 IgM Monoclonal Antibody were evaluated for the removal/inactivation of a model medium to large

enveloped RNA virus, murine xenotropic retrovirus. One robust viral removal step and one robust inactivation step

were evaluated for the removal/inactivation of a model medium to large enveloped DNA virus, Pseudorabies, a

herpesvirus. One robust viral removal step was evaluated for removal of a model small non-enveloped DNA virus,

Simian virus 40 (SV40), a Polyomavirus.

Model Viruses/Assays

The murine Xenotropic retrovirus (Xenotropic MuLV) used as the model in this study was quantitated by a plaque

formation endpoint assay. Process buffer cytotoxicity assays were also performed using the same system.

The Pseudorabies virus used as the model medium to large enveloped DNA virus in this study was quantitated by a

plaque formation endpoint assay. Process buffer cytotoxicity assays were also performed using the same system.

The Simian virus 40 used as the model small non-enveloped DNA virus in this study was quantitated by a plaque

formation endpoint assay. Process buffer cytotoxicity assays were using the same system.

MR1-1 Fermenation Profile

Lyophilization Data

This is a chromatogram of IgM lot 392024 prior to
lyophilization. Note HSA aggregate, 1.47%, at 12 minutes,
HSA dimer at 1.56%, 21.9 minutes.

This is a chromatogram of IgM lot 392024 post-
lyophilization reconstitution. Note decrease of HSA
aggregate,  0.87%, at 12 minutes; note increase HSA
dimer, 4.04%, at 21 minutes.

pNGLV4a-Sig/E7(detox)/HSP70 Purification

(1 kg scale)

Process Overview

Alkaline Lysis and Clarification

PEG Precipitation

TFF Concentration and Detergent Wash

Dissolution and Filtration

Mustang Q Chromatography

IPA Precipitation

Dissolution and Filtration

Sephacryl S1000 Chromatography

IPA Precipitation

Dissolution and Filtration

Final Bulk

Cell Paste

Abstract
Projects are assigned to the Biopharmaceutical Development Program (BDP), SAIC-Frederick, Inc., by the Biological Resource Branch (BRB) of the Developmental Therapeutics

Program (DTP). Some projects are Intramural, Extramural, or a combination of both.  These projects facilitate translation to the clinic of novel therapeutic interventions in order

to evaluate clinical “proof of principle” of a new molecule or approach. There have been eleven cycles of RAID projects with more than 25 biologicals assigned to BDP through

October 2002. Projects have included peptides, oligonucleotides, recombinant proteins, monoclonal antibodies and viral vectors for gene therapy. BDP capabilities include cell

line development and characterization, cell culture/fermentation development, analytical development, purification and formulation development, cGMP manufacturing of clinical

lots (including vialing), QC/QA release of clinical product, stability testing and preparation of regulatory documents suitable for Phase I & II human clinical trials. A selected set

of projects is outsourced and managed by BDP scientific staff.

Purification of IgM 216: A VH4-34-Encoded Monoclonal

Antibody Directly Cytotoxic to Human B-Cell Lymphomas

Production of Plasmid DNA Expressing E7 for the

Treatment of HPV-Associated Cervical Cancer and Pre-Cancer Lesions

Clinical Production of HuMikβ1Clinical Production of HuMikβ1 Production of an ImmunotoxinProduction of an Immunotoxin

A. Compilation of log loss for Murine Xenotropic Retrovirus
Step Log Reduction Value
Low pH Inactivation 6.75
PLANOVA“ 35N Filtration >6.78
Q Sepharose 4.79
Total Log Reduction Value >18.32

B. Compilation of log loss for Pseudorabies virus
Step Log Reduction Value
Low pH Inactivation 5.90
PLANOVA“ 35N Filtration >7.61
Total Log Reduction Value >13.51

C. Compilation of log loss for Simian virus 40
Step Log Reduction Value
PLANOVA“ 35N Filtration >6.93
Total Log Reduction Value >6.93

The boxes in yellow represent viral
removal steps. The amount of virus
removed is discussed in the viral
clearance section. 37oC 16-

24 hr

Harvest Pools

PEG Pellets

Q Flow-Through

Columns
2 x 20L

50 cm/hr

Q Binding Column

95%

Recovery

86%

Recovery

2 x 11L or

1 x 20L,

100 cm/hr

Low pH Step: pH 3.5-

3.6, 30min.

97%

Recovery

Sephacryl S40082%

Recovery

2 x 20L,

30cm/hr

2% Injection

1 x PBS, 0.5 M NaCl,

0.4% Sucrose, pH 7.4

<0.4% Dimer in 13 Runs

Virus Filtration

35N Ashai Filtration
1 meter2

Concentration

Diafiltration

1 x PBS, 0.4%

Sucrose pH 7.4

2% Dimer

Final Filtration and

Fill

45.6%

Overall
Yield

100%

Recovery

IgM

4°C Stability Study

This is a chromatogram of the formulated
IgM at time = 0 (ref 4°C). The important information to
note is the amount of dimer 3.1%, the 14.95 minute
mark. This is 2 mg/mL IgM, 0.8% HSA, 0.4% sucrose,
in PBS pH 7.4.

This is a chromatogram of the formulated
IgM at time = 2 months @ 4°C. The important information
to note is the amount of dimer, now 13.8%, the 14.6
minute mark. This is 2 mg/mL IgM, 0.8% HSA, 0.4%
Sucrose, in PBS pH 7.4.

VH

VL

HA-22

VH

VL

MR1-1

MR1-1 Final Product Stability Result (Freeze/Thaw)

1st Thaw 2st Thaw 3st Thaw

Requests for services should be directed to:

Stephen P. Creekmore, M.D., Ph.D.

NCI Project Officer

Chief, Biological Resources Branch, DTP, DCTD, NCI

Telephone: (301) 846-1098

FAX: (301) 846-5429

E-mail: creekmor@ncifcrf.gov

Specific questions should be directed to:

George Mitra, Ph.D.

Program and Technical Director

Biopharmaceutical Development Program (BDP)

SAIC-Frederick, Inc.

Telephone: (301)846-5999

FAX: (301) 846-6203

E-mail: mitra@ncifcrf.gov

Purification of IgM 216: A VH4-34-Encoded Monoclonal

Antibody Directly Cytotoxic to Human B-Cell Lymphomas

Production of Plasmid DNA Expressing E7 for the

Treatment of HPV-Associated Cervical Cancer and Pre-Cancer Lesions

Purification of IgM 216: A VH4-34-Encoded Monoclonal

Antibody Directly Cytotoxic to Human B-Cell Lymphomas

Immunotoxins Produced in the BDP

LMB-2 ImmunotoxinscFv antibody to CD25

BL-22 Immunotoxin RFB4(dsFv)PE-38DsFv antibody to CD22

MR1-1 Immunotoxin dsFvPE38KDELDsFv antibody to EGFR  VIII

HA-22 ImmunotoxinDsFv antibody to CD22

Erb-38 ImmunotoxinScFv antibody to ErbB2

pNGLV4a-Sig/E7(detox)/HSP70 Purification

Development Runs

NGVL4a-sigE7(detox)HSP70 DNA Vaccine for Treatment of HSV-Associated

Cervical Cancer & Pre-Cancer Lesions

• Testing Immunization with alpha-fetoprotein (AFP) + GM-CSF Plasmid Prime

and AFP Adenoviral Vector Boost in Patients with Hepatocellular Carcinoma

• Vaccine encoding Calretculin (CRT) Linked to E7 for the Treatment of Patients

with Advanced Cervical Carcinoma

• DNA Vaccine encoding mouse tyrosinase related protein-2 for immunologic

therapy formelanoma

Conclusion
A systematic approach was taken to develop a purification process capable of producing large quantities of clinical-grade
HuMik•'5f1. The results of experiments performed at laboratory scale were directly applicable to the development of the final,
full-scale clinical purification method. The final manufacturing yields were high and produced a product of excellent purity. In
order to enhance the safety of the final product purification process, steps were incorporated to remove/inactivate potential viral
contaminants. More than 29 logs of model retrovirus removal were confirmed in a supporting viral clearance study.

George Mitra, Program and Technical Director, BDP, SAIC-Frederick, Inc.

Steven L. Giardina, Director, Quality Control, BDP, SAIC-Frederick, Inc.

Jianwei Zhu, Associate Director, BDP, SAIC-Frederick, Inc.

Mary Koleck, Scientist, Quality Control, BDP, SAIC-Frederick, Inc.

Yueqing Xie, Scientist, BDP, SAIC-Frederick, Inc.

Beverly G. Keseling, Manager, Cell Culture, BDP, SAIC-Frederick, Inc.

Jim Lynch, Development Associate, BDP, SAIC-Frederick, Inc.

Andy Burnette, Development Associate, BDP, SAIC-Frederick, Inc.

Toby Hecht, Project Director, Biological Resources Branch, DTP, DCTD, NCI

Stephen P. Creekmore, Chief, Biological Resources Branch, DTP, DCTD, NCI

pNGLV4a-Sig/E7(detox)/HSP70 Fermentation
(80 L scale technology transfer run)

Tech Transfer 80L #390005
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Total cell paste: 1.4 kg

Plasmid productivity: 0.9 mg per gram of cells

Supercoiled plasmid percentage: 85%

EFT vs Agitation
EFT vs Dissolved Oxygen
EFT vs Sparge Rate
EFT vs pH
EFT vs Temperature
EFT vs Optical Density

Prepared by Scientific Publications, Graphics & Media

Immunotoxin Expression in E. coli HA-22 Purification Results (HIC) MR1-1 Purification Result (HIC)

HA-22 Purification Results (Q FF) MR1-1 Purification Result (QFF)

Reduction Factors Murine Xenotropic Retrovirus
Step Log Reduction Value
rProtein A >7.37
Solvent/Detergent >7.65
 Q Sepharose >7.06
 PLANOVATM 20N Filtration >7.38
Total Log Reduction Value >29.46

The Flexicon and Filling System automatically
sealsand crimps the product.

Final inspection of the finished product.

R&D IgM/HSA Prep
Process Change

2 Months 4˚c

HSA

IgM
MonomerIgM

Dimer

Column Chromatography is performed by

using a computer controlled Amicon skid.

Preparations for final purification is performed
underenvironmental controlled conditions.

GMP fermentations can be
performed at the 1,000 Liter scale.

Abstract
In this report we present our approach for the development of a cGMP-compliant process for the purification of a

monoclonal antibody destined for human clinical trials.  Humanized Mikβ1 is a monoclonal antibody directed toward

the IL-2/IL-15β receptor. It blocks all IL-15 activity, making it an attractive reagent for human clinical trials where abnormal

expression of IL-15 is known to occur. The purity and potency of material produced at laboratory-scale, intermediate-

scale and full manufacturing scale produced a product of comparable purity and potency. As required by the FDA,

additional steps were included in the purification process to remove or inactivate viral contaminants. The results of a

viral clearance study show that the final purification process was capable of removing more than 29 logs of a model

retrovirus.

Small Scale Run

Step
Protein

(milligrams)
Step Recovery Total Recovery

Protein A Load 48.41

Protein A Pool 62.45 129% 129%

SP Sepharose Load 60.28

SP Sepharose Pool 45.77 75.90% 73.3%*

Q Sepharose Load 40.95

Q Sepharose Pool 40.05 97.80% 64.1%*

*These values were calculated with the protein  A Pool at the starting amount of protein

Development Scale
Column Size: 1.6 cm x 5.5 cm
Column Volume: 11 mLs
Protein Load: 44 mgs

(4 mgs protein/ mL of resin)
Flow Rate: 4 mLs/min (120 cm/hr)

Pilot Scale Run

Step
Protein

(milligrams)
Step Recovery Total Recovery

Protein A Load 13,865

Protein A Pool 10,819 78.03 78.03

SP Sepharose Load 10,555 97.56 76.13

SP Sepharose Peak 9,345 88.54 67.40

Q Sepharose Peak 5,035 53.88 36.31

Asahi Filtration 4,954 98.39 35.73

TFF/Diafiltration 4,208 84.94 30.35

Pilot Scale
Column Size: 10 cm x 14 cm
Column Volume: 1,100mLs
Protein Load:5145 mgs

(4.7 mgs protein/mL of resin)
Flow Rate: 32.5 mLs/min (25 cm/hr)

Production Scale

Step
Protein

(milligrams)
Step Recovery Total Recovery

Protein A Load 111,730

Protein A Pool 83,498 74.73 74.73

SP Sepharose Load 82,581 98.90 73.91

SP Sepharose Peak 82,863 100.34 74.16

Q Sepharose Peak 75,419 91.02 67.50

Asahi Filtration 74,980 99.42 67.11

TFF/Diafiltration 74,729 99.67 66.88

Production Scale
Column Size: 30 cm x 26.5 cm
Column Volume: 18,722 mLs
Protein Load: 18,581 mgs

(4.4 mgs protein/mL of resin)
Flow Rate: 352 mL/min (29 cm/hr)

Introduction

IL-15 appears to be involved in a number of human diseases as an inflammatory cytokine. Abnormalities in IL-15 expression have been

demonstrated in multiple sclerosis and arthritis. The IL-2/IL-15β receptor represents an attractive target for pharmacologic intervention to

achieve immunosuppression. Studies with murine antibodies have shown to be effective in prolonging allograft survival in monkeys and man.

The use of murine antibodies in man is limited for a variety of reason, including immunogenicity and failure of murine antibodies to recruit

human effector cells. To ultimately examine the potential efficacy of blocking the IL-15 receptor, prolonged exposure to saturating amounts

of antibody needs to be evaluated. HuMIkβ1 is the only available humanized antibody directed against the IL-2/IL-15β receptor that blocks

all IL-15 reactivity. In support of planned human clinical trials by the Metabolism Branch of the National Cancer Institute, we have developed

a high-yield cGMP-compliant process for the production and purification of huMikβ1. We demonstrate that the purification process worked

out during laboratory development could be translated quickly into CGMP manufacturing and the production of more than 40 grams of clinical-

grade antibody. We also show that in addition to producing a product of exceptional biochemical purity, the process was sufficiently robust to

remove/inactivate more than 29 logs of a model murine retrovirus, thereby enhancing the safety of the final product.

Abstract
Antibody fragments including single chain antibody (scFv), have demonstrated greater tumor penetration, more specific tumor

cell targeting, and lower immunogenicity compared with intact antibodies. Utilizing the antibody fragments conjugated with toxin

(termed immunotoxin) is a new approach to attack cancer cells. Several ScFvs are currently under clinical trials. It has become

crucial to provide clinical material and solve technical issues in the production yield, quality of the product, and process scale-

up. Here we report a generic process of producing therapeutic immunotoxin for phase I and II clinical trials.

The antibody fragments, heavy chain fused with Pseudomonas exotoxin and light chain, were expressed in E. coli under

regulation of T7 promoter. Fermentation has been performed using non-animal source nutrients and yields ~100mg/L of

recombinant protein expression. Inclusion bodies were recovered and refolded to form inter-molecular di-sulfide bonds to link

the heavy and light chains. Refolding has been scaled-up to 200L scale at 0.1mg/ml protein concentration.

The refolded material was precipitated with ammonia sulfate followed by hydrophobic interaction and ion-exchange chromatography.

Purification process has shown robustness and consistent in terms of yield around 70%, as well as overall quality meets cGMP

requirements including final purity over 98% and low endotoxin level.

Introduction
Utilizing the antibody fragments conjugated with toxin (termed immunotoxin) is a new approach to attack cancer cell. Several

such scFvs are currently under clinical trials. It has become crucial to provide clinical material and solve technical issues in

the production yield, quality of the product, and process scale up. Here we report a generic process of producing therapeutic

immunotoxin for phase I and II clinical trials, including fermentation, recovery, and purification at production scale. In addition,

the purification process for the immunotoxin has been improved resulting in 3 fold increased purification yield compared with

current conventional method.

Refolding/Ammonium Sulfate Precipitation
H

IC

Q
 I
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X

Production Process Flow Chart for Immunotoxin

Biopharmaceutical Development Program  (BDP) Projects

BL-22 and PE 38 Toxin

RFB4(dsFv)-PE38 (BL22)

Biopharmaceutical Development Program  (BDP) Projects

Mustang Q Chromatography Lot 390016DEV (1 kg scale)

Sephacryl S1000 Chromatography Lot 390008 (1.7 L column scale)

Precipitation

Step Plasmid Recovered (mg) S.C.

Alkaline lysis and purification PEG
910 86%

TFF concentration, wash,
dissolution and filtration

680 91%

Mustang Q chromatography 275 92%

Step Plasmid Recovered (mg) S.C.

S1000 column load 103 92%

Fraction pool 78 >95%
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NIAID: Support to HIV Vaccine Development Program
The plasmid DNA vaccine clinical manufacturing technology has been supporting the HIV vaccine development program via an international collaboration research

and development program, Comprehensive International Program of Research on AIDS (CIPRA)  at NIAID.

• BDP’s project scientist was invited by the Vaccine and Prevention Research Program at NIAID to provide a presentation, entitled 'Process Development For

Plasmid DNA Vaccine and Gene Therapy Vectors's (February 18, 2004).

• BDP and BRB hosted a two-day visit for a Chinese delegation, as well as the Program Officer, Division of AIDS/NIAID. The discussions focused on GMP and

technology training (May 3-4, 2004).

• BDP's project scientist was invited by NIAID to perform a pre-auditing assessment of two Chinese facilities (October 2004). NIAID is collaborating with the

Chinese CDC for HIV vaccine clinical manufacturing.

NCI: Plasmid DNA Projects
The BDP manages the technical operations of the NCI's Biological Resource Branch (BRB). The BDP manufactures biopharmaceuticals, including plasmid DNA

vaccines and other biological products for the purpose of exploring “proof of principle” of novel therapeutic concepts in in vitro / in vivo models, as well as early

clinical trials for cancer, AIDS and other diseases.

Process Improvements
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